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The Production of a Linear Density Gradient by 
Means of a Proportioning Pump1 
We have utilized a proportioning pump to construct a simple apparatus 
(Fig. 1) for making gradients of sucrose for the sedimentation of nuclei 
u FLASK 2 
P2 ‘Z/41 
Fro. 1. A given volume of solvent of density p, is placed in flask 1, and the same 
volume (V2”) of solvent of density pZO is placed in flask 2, and the solution is mixed 
with a magnetic stirrer. Three channels of an AutoAnalyzer proportioning pump’ are 
fitted with clear Tygon tubing of identical diameter. Two lengths of tubing are fitted 
together with a type DO “h” fitting.* The tubing comprising b may be substituted by 
a single tube having a flow rate twice p,, as described in the test. 
(1)) macromolecules, etc. A gradient is produced according to the equation 
of Oster and Yamamoto (2) : 
The density of the gradient produced in the mixing chamber is pZ and, 
when pZ = 2 pL1 as in Fig. 1, a linear gradient is produced. In our ex- 
perience, with 50 ml of 30% sucrose in flask 1, and 50 ml of 7.570 sucrose 
‘Supported by Grant B3101 from the National Institute of Neurological Diseases 
and Blindness. 
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in flask 2, the device produced a uniform, linear gradient. In this instance 
pL1 was established by 0.045’” i.d. clear Tygon tubing (T-1O9),Z and pL2 by 
a single lengt,h of 0.065” id. tubing (T-111)? which produces twice the 
flow rate. A loo-ml gradient’ is produced in about 1 hr. The gradient was 
tested by adding methylene blue to t.he reservoir solution, and connecting 
the outflow to the flow-through cell3 of a Beckman DU monochromator 
wit.11 a Gilford recording attachment3 A further check was given by iso- 
pycnic sediment.ation of droplets of chloroform-toluene of known density. 
The use of a proportioning pump appears to have several advantages over 
the various specialized gradient-producing devices (3). Proportioning 
pumps are generally available, and no additional new equipment is 
needed. The method is versatile: a gradient of any volume can be pro- 
duced. The rate of gradient formation can be altered by changing either 
the diameter of tubing or the number of parallel lengths of tubing used. 
Some commercially available pumps have a variable speed. A variety of 
nonlinear gradients can be produced by varying pr/,+ The use of a pump 
eliminates errors in gradients found in gravity-fed devices due to differ- 
ences in densities of two solutions in adjoining columns. Since the gradient 
is produced under pressure at a fixed flow rate, the output seems ideal for 
gradient column chromatography in which a fixed rate of flow through t.he 
column is desired Solvent-resist,ant tubing such an Acidflex? should be 
used for chloroform-methanol gradients. 
REFERENCES 
1. FALZONE, J. A4., BARROWS, C. H., ASD PIENGST, M. J., Exptl. Cell Res. 26, 552 
(1962). 
2. OSTER, G., AND YAMAMOTO, M., Chem. Rrzl. 63, 257 (1963). 
3. DEDUVE, C., BERTHET, J., AND BEAUFAY, H., Progr. Biophys. Biophys. Chem. 9, 325 
(1959). 
GARY A. DAVIS 
RICHARD ,J. SANTEN~ 
BERNARD W. AGRANOFF 
Mental Health Research Institute and 
Department of Biological Chemistry 
University of Michigan 
Ann Arbor, Michigan 
Received December 28, 196.5 
’ Gilford Instrument Laboratories, Inc., Oberlin, Ohio. 
4 Predoctoral Fellow (MH-22,949), National Institutes of Health. 
’ Supported by American Cancer Society, Institutional Research Grant IN-40F. 
